Introduction
The process of international integration in Europe has resulted in the most significant expansion in the history of the European Union (EU). Hungary and seven other advanced transition economies (TEs) became members of the EU and thus joined the group of peripheral member states characterized by relatively large rural populations and importance of the agricultural sector. As with incumbent peripheral EU members, a number of measures related to market liberalization and rural development need to be designed and implemented in the new member states (NMS) so that appropriate structural funds could be allocated and efficiently utilized. Furthermore, to the extent that market failures and deficiency of endowments could prevent rural households from efficiently using their resources, policies that improve this situation would play an important role to maximize the gains associated with agricultural sector restructuring and the emergence of new individual farms in TEs.
Trends and changes in both urban and rural sectors of TEs since 1990 have resulted in a set of economic and social conditions that strongly affected the attractiveness of both rural and urban areas as places to live and work, and consequently the labor reallocation and ruralurban migration. Industrial downsizing and the high cost of living have reduced the opportunities in the urban labor markets, while whole new service industries, the development of a managerial upper class, and new suburban housing have contributed to retaining or attracting the highly skilled categories of the labor force. Agricultural restructuring and declining availability of social services are rural push factors reducing the opportunities in the rural labor markets, but the low cost of living, possibilities for self-provisioning, available housing, and social network ties have attracted dislocated urban workers and retained longer-term rural residents. Parallel to dissolving or reorganizing large production co-operatives, the numbers of small individual farms have grown being often a part-time activity and a means of subsistence of the rural population. A feature of employment in agriculture is often underemployment and hidden unemployment (Lewis, 1954; Harris and Todaro, 1970; Deininger and Olinto, 2001 ). This hidden and sometimes highly localized underemployment is reflected only inadequately, if at all, by basic indicators such as unemployment rates and deserves a more thorough investigation.
Our analysis based on household production model, casts light on the labor allocation and income diversification decisions of rural households in TEs using the case of Hungary as illustration. In this context, the characteristics influencing household's employment opportunities and ability to shift resources to and manage individual farm are studied with an emphasis on the role of household endowments. The hypotheses are empirically tested using 1998 country-representative household survey data from rural Hungary. Results of the analysis have potentially important implications for the policies related to agricultural sector restructuring, employment programs and generally for efficient resource allocation in TEs.
The paper also contributes to the understanding of the nature of and factors affecting rural households' income diversification through combining farming with off-farm wage occupations a pattern most commonly observed in TEs (Chaplin, Davidova, and Gorton, 2004) . Such analysis is important as in recent years attempts have been made to transpose West European model of agricultural diversification to the associated countries of Central and Eastern Europe under the EU's Special Accession Programme for Agriculture and Rural Development (SAPARD). There also are potentially important rural development and welfare implications of the ongoing CAP reforms not only for the existing EU members but for the NMS as well (Rizov, 2004) . Thus the analysis of household labor allocation would cast light on the feasibility and the likely outcomes of fully implementing such EU policies.
The paper is organized as follows. In the next section an overview of "pull" and "push" factors affecting resource allocations of rural households in Hungary is presented. In section 3 a simple conceptual model of labor allocation of rural households is set up to analyze the observed patterns. In section 4 the estimation methodology and the variables used in regressions are described. Section 5 reports estimation results and section 6 concludes the paper by pointing out some policy implications.
Pull and push factors in rural Hungary
Economic reforms in Hungary resulted in deep structural changes affecting agriculture and rural areas through a plethora of pull and push factors. Within a concise time span, resources were shifted from co-operative farm organizations to individual farms. Since 1990, the area of individual farms expanded from 12 percent to 54 percent in 1998. The area of cooperative farms dramatically fell from 62 percent to 20 percent during the same period.
Corporate farms stabilized their share in land use at 26 percent (Ferenczi, 1999; Mathijs and Varanken, 2004) .
This redistribution of factor use and ownership was guided by a series of transformation laws and regulations under which co-operative farms had to transform into 'new' co-operatives, joint-stock companies or individual farms by decision of the assembly of members. In the compensation process individuals could get a considerable part of the cooperative (34 percent) and state (40 percent) farmland. Landless members and employees also received land allotments in possession (15 percent from co-operative farms and 6 percent from state farms).
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The share of private ownership averaged about 85 percent of the agricultural land, while the state ownership fell to about 15 percent.
The transformation laws and regulations, by separating employment from membership status had important impact on the labor market which resulted in a dramatic fall, with almost two thirds, in the official agricultural employment figures (Macours and Swinnen, 2000; EBRD, 2002) . In the large successor farm organizations the share of fulltime working members and partners fell to around 30 percent of their labor force. The share of part-time working members and partners became negligible and the share of non-working members rose, exceeding 65 percent of the total membership mass. As a result, full-time employees compose the largest proportion in the labor force of co-operative farms and there is no significant difference between members or partners and non-member employees, with respect to wages.
Furthermore, economic policies in Hungary inducing comprehensive liberalization of prices and hardening of budget constraints resulted in increased labor costs, leading to a substantial change in labor market behavior, nationwide. This change was accommodated by rapid liberalization of wage regulations. Economic agents no longer had any incentive to hoard underutilized labor and unemployment rose sharply and even more so in rural areas.
Many low skilled workers left the formal labor market through early retirement and part-time employment schemes (Bilsen and Konings, 1998; Korosi, 1999; Swinnen, Dries, and Macours, 2004) .
Under these circumstances, the main alternative to wage employment in rural areas had become self-employment in individual farming. Official Hungarian statistics report that during the period of analysis there were 1.2 million farms (holdings larger than 0.15 hectares), but only about 260 thousand people officially were employed in agriculture.
1 The rest of the land of state farms remained state property with possibility for leasing by individual farmers, Furthermore, the total population of rural areas in Hungary was 2.3 million implying that there was one farm for every second inhabitant in the countryside. These figures suggest the presence of a large informal farming sector engaged in by an excess-supply rural labor force as a low-return survival (subsistence) strategy, with little prospects for economic advancement (Cartwright and Swain, 2002; Kollo, 2001) .
Data from the 1994 and 2000 agricultural censuses in Hungary, however, show a declining trend in the number of individual farms, as the decrease has been 20 percent in total, for the six-year period. Important observation is that smaller farm holdings, with size below 5 hectares have generated this drop in numbers (with 32 percent) while larger size categories, above 5 hectares have shown significant increase in numbers. In the same time, however, the number of units smaller than a farm holding (less than 0.15 hectares) also grew quickly as more than 800 thousand mini-plots existed in 2000. It seems that there is a tendency of small farm holdings either shrinking to garden-level cultivation or expanding to more viable and larger commercial farms (Rizov and Mathijs, 2003) .
The results from our 1998 country representative rural household survey 2 further
show that more than 90 percent of the households have allocated some labor in individual farms despite that only 8.5 percent are full-time engaged in individual farming. The average household size in the sample is approximately 2 adult members in working age (16-60 years).
The economic activities of households in the sample are outlined in table 1.
- (Fazekas and Ozswald, 1998; Kollo, 2001 North Hungary and North Plain, located in the eastern part of the country, rank among the least developed regions with the lowest per capita GDP. These two regions include many rural territories and areas with declining industries. Agriculture is concentrated mainly in the (Great) Plain regions. In South Plain almost 17 percent of employed work in agriculture, while in North Plain and South Transdanubia the share is just over 10 percent (Eurostat, 1999) .
Labor allocation -a simple conceptual model
The household production model (Bertrand and Squire, 1980; Singh, Squire, and Strauss, 1986 ) provides an appropriate framework for analyzing labor allocation decisions of rural households, facing two main income-generating alternatives: full-time individual farming and full-time off-farm wage employment. 4 Third alternative is the part-time individual farming, which is a combination of the two activities above and is commonly observed in Hungary as well as in other TEs.
The household income derived from these activities, with output prices normalized to unity and prices of labor and capital denoted w and r, respectively, can be written as: Managerial ability is a fixed factor with which individuals are endowed and for which there is no market (Bell and Zusman, 1976) . The impact of managerial ability on the marginal products of farm labor and capital is positive (e.g., Huffman, 1980; Fafchamps and Quisumbing, 1999) .
The household maximizes a concave joined utility function: well and all households are assumed to work in at least one activity (l L <l).
5 Human capital increases productivity in individual farming through its managerial ability effect. In the same time, human capital directly positively affects individual's employment opportunities (Becker, 1965; Sahn and Alderman, 1988; Foster and Rosenzweig, 1993; Yang, 1997) . 6 If markets are missing resources employed in farming will equal household endowments, i.e., k=a. Furthermore, because hired labor is not commonly used in individual farms in Hungary as well as in other TEs, it is not included in the notation. Alternatively, it is assumed that household and hired labor are perfect substitutes and cost of hiring labor can be accounted for through y W , which will be negative in the case of net hiring of labor. 7 We do not explicitly consider savings in this static, by nature, model. Extending the model to include savings would complicate the notation without contributing relevant insights. For example, Rosenzweig and Wolpin Since the household is a price taker, it maximizes utility so that the marginal product of labor is set equal to its price, which in turn equals the marginal rate of substitution: In the case of interior solution, with time divided between wage employment and individual farming, as managerial ability increases the allocation of labor shifts towards individual farming, which follows from the assumptions that managerial ability increases the marginal product of labor in individual farming, and that the return to managerial ability in wage employment, outside one's own farm (business) is small (see e.g., Hallagan, 1978; Sadoulet, de Janvry, and Benjamin, 1998; Rizov and Swinnen, 2004) . More specifically, managerial ability contributes directly to increasing output for given amount of labor (and capital), and also increases the optimal amounts of labor (and capital) applied on-farm. Thus managerial ability contributes to higher earnings in individual farming both directly and indirectly. However, due to specificity of human capital characteristics such as education and experience positively affecting both managerial ability and off-farm wage opportunities there will be a trade off so that if returns to labor in off-farm wage employment increase more than (1993) offer an analysis on how credit constraints impact on saving and investment decisions of rural households. 8 Efficient allocation of productive resources and hence separability of production decisions and consumption preferences only requires that n-1 markets be perfect, where n is the number of production factors (de Janvry, Fafchamps, and Sadoulet, 1991; Gavian and Fafchamps, 1996) . Thus non-tradability of managerial ability should not prevent efficient allocation where factor markets are perfect.
in farming, labor use in individual farms will decline if labor markets are perfect (Soon, 1987; Yang, 1997; Rizov and Swinnen, 2004) .
However, transition is characterized by significant market imperfections introducing substantial risk and uncertainty in the economy. It is shown by number of studies that risk importantly impacts on labor allocation decisions (e.g., Block and Heineke, 1973; Barrett, 1996) .
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Under price uncertainty Barrett (1996) shows that there is a gap between the marginal value product of farm household labor and the wage rate which is proportional to the covariance of marginal income, v y and output price,
where v(.) is indirect utility function and µ=E [p] .
10 Analysis of this relationship, under the assumptions that farm households are income-risk averse and that the staple food is normal good, yields: (i) if the household is net seller of foot it will underemploy labor, and (ii) if the household is net buyer of foot it will overemploy labor. These results are in line with findings of Bezemer (2004) for TEs.
Thus, when markets are incomplete, or household and hired labor are not perfect substitutes in production, or farmers are risk averse and risks are high, household's on-and off-farm labor allocation decisions will not be independent any more. The amount of labor used will depend on household's preferences, assets (technology), size and composition.
Then it may be optimal for the household to allocate more labor on-farm than the amount where w q F l = . The wage that balances labor supply and demand under such circumstances is defined as shadow wage, w*. The allocation of household labor to different incomegenerating activities will depend through w* on total household labor, l T , unearned income, y N , and productive assets, a (Fafchamps and Quisumbing, 1999; Rizov and Swinnen, 2004 Strauss, 1986; Ahituv and Kimhi, 2002; Dessing, 2002) .
Estimation methodology and variables

Labor use estimation
In the Hungarian sample 143 households or 9 percent report that none of their work time is allocated to individual farming. The dependent variable is thus censored. In principle, households that allocate some labor to individual farming may be systematically different in terms of unobservable characteristics from those households that do not. Predictions of the farm labor use based on estimates obtained only from a sample of households that allocate labor to individual farming may be bias due to sample attrition.
Given that OLS estimates of labor allocation may be biased and inconsistent if not corrected for this selection bias, a two-stage (TS) model is applied (Heckman, 1976 (Heckman, , 1979 order to obtain inverse Mills' ratios (λ). Second, the farm labor use is estimated. The selection of households into farming can be modeled as:
where Z = 1 if the household allocates some labor to farming and Z = 0 otherwise. X is a vector of exogenous explanatory variables. Each farming household has the (log-linear) labor use equation:
where Y measures labor use. Given that ν, ξ ~ N(0,σ 2 ) with correlation ρ, equation (2) can be estimated as:
where λ ν =φ (α X) /Φ (α X), and φ and Φ are the standard normal pdf and CDF, respectively, for the farming households. Farm labor use is thus estimated including λ as an explanatory variable. If λ is significant, then the censored sample (i.e., farming households only) is biased and TS model must be used with λ correcting for the bias. Otherwise, the OLS estimator is appropriate.
Discrete choice analysis
We consider the three choices faced by the household as discussed in the conceptual model, full-time wage employment, part-time individual farming, and full-time individual farming.
The most used estimation technique of multiple discrete choice dependent variables is the 11 Tobit model is an alternative to the TS model. For comparison, we have estimated a Tobit model, however, the likelihood ratio test suggested that the TS model should be preferred (Greene, 1997) .
ML is that error terms are independently and identically distributed (iid).
If the three choices, j are recorded in the dependent variable Z, and the vector of explanatory variables is X, we can estimate a set of coefficients β
, j=1,2,3 corresponding to each choice:
To identify the model, β (1) is set equal to zero. Thus, the remaining coefficients β (2) and β
measure the change relative to the Z=1 choice. Then equations (4) 
The log-odds (relative likelihood) ratios are:
In order to compare outcomes, we can normalize on any other choice probability as well and obtain:
From the independence of disturbances assumption, it follows that the odds ratio
/P (k) does not depend on the other choices.
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12 An alternative to the ML logit model is the ordered logit (and probit) model if we consider the household choices unambiguously ordered. In such case there is extra information in the data that can be exploited. We have estimated an ordered logit model and found that results are similar to the reported in the paper. 13 However, the independence of choices is not always the case. Hausman and McFadden (1984) suggest a test of the independence of irrelevant alternatives (IIA). We have applied this Hausman-type test in our estimations and found that IIA assumption did hold.
Variables
Following our conceptual model and estimation methodology outlined in previous sections we specify two dependent variables, a continuous farm labor use variable and a discrete choice variable with three alternatives. The farm labor use is measured by the log of working days, in a typical year, allocated in individual farming. 14 The categorical dependent variable representing the three household choices equals one when no household member allocates labor to individual farming and all members in working age work for wages; it equals two if household members allocate labor to both individual farming and wage employment; the third choice is when household members work only on their individual farms full-time.
In selecting explanatory variables we follow the results from the conceptual model.
Since the shadow cost of labor, w* is not observable, we use in the regressions variables measuring factors that influence total labor use if markets are imperfect, i.e., household size and composition, unearned income, and physical-capital assets. Thus, the explanatory variables used measure both supply and demand characteristics including household human capital and physical capital endowments and socio-economic environment characteristics.
Human capital characteristics of the household such as average age (AGE) and education (EDU) of adult household members are measures of life-cycle effects, entrepreneurial motivation and managerial ability. To account for nonlinear effects on farm labor use, the squared terms of these variables (AGE2 and EDU2) are also included. A background variable (RURAL) measuring the rural experience of the household and its preferences for farming is used for identification in the two-stage model. This is a dummy variable, which equals one if the household has always lived in rural areas and zero otherwise.
The total number of adult household members (ADULTS) includes both members in working (20-60 years) age and members in non-working age. The coefficient of the variable representing the category of household members in working age (WORKMEM) as a share of ADULTS indicates the efficiency of that category, relative to the excluded category of younger and older household members. Household assets are measured by the total own land (LAND), the total equivalent number of machinery owned (MACHIN), and the total number of buildings owned (BUILD).
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The unearned income (NINCOME) represents two categories of income: pensions/social payments (PENSION) and rental income. Under standard assumptions, these variables are expected to have a negative effect on the household labor supply.
The share of food expenditures, including food consumed on-farm, in total household expenditures (FOODSH) is used to control for the effect of price risk and household risk aversion. According to our conceptual model a higher values of FOODSH should be associated with more household labor allocated to farming.
Regional fixed effects at the NUTS-II classification level (see section 2) are included to control for (demand-side) location-specific changes in natural and economic environment. Table 2 provides definitions and summary statistics of the variables used in regressions.
- Table 2 here -14 Labor hiring is very rare -only 7 farms from the total sample hire one or more full-time workers, and only 85 farms hire labor at all, most often for only 1-2 man-months. 15 During the period of analysis sales markets for farm assets were missing or ill functioning and the main farm assets owned by households were obtained as a result of privatization and land reform, therefore they could safely be considered exogenous. Furthermore, in the estimations I performed a number of robustness tests by stepwise excluding potentially endogenous explanatory variables. These tests confirmed that the selected explanatory variables are appropriate and the results reported here are robust to various restricted specifications. Results of these additional regressions can be obtained from the author.
Estimation results
Estimation results from both the TS (Heckman) model and the ML model are reported in farming. This test result can also be seen as consistent with the presence of threshold effects created by fixed costs, associated with the choice of this income-generating activity that households have to incur up front.
- Table 3 Household size is only a significant positive determinant of the amount of labor used on the individual farm but does not affect the decision of allocating labor to individual 16 Likelihood-ratio test statistics was computed as χ farming. This result provides evidence against the perfect labor market assumption. If the labor market was complete, production decisions should have been separable from household characteristics affecting labor supply (Benjamin, 1992) . The fact, however, that the decision to allocate labor to farming is independent of household composition implies only moderate (demand-side) labor market imperfections, which can also be explained by the small scale of individual farm operations, limited by forces other than the labor market (Feder, 1985) .
Ownership of farm-capital assets such as land, machinery and buildings affects positively both the decision to engage in individual farming and the amount of labor allocated on-farm. Effects are similar in both the selection and allocation equations. These results are again consistent with the imperfect factor market hypothesis and the presence of threshold effects. Households that do not own capital assets are reluctant to engage in farming if markets for capital rental and sales are unreliable and incomplete.
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In this context, ownership of capital assets can be treated as sunk cost required for starting up an individual farm (Rosenzweig and Wolpin, 1993) .
The unearned-income variable has negative impact on the decision to allocate labor to individual farming. This possibly implies that leisure is a normal good as commonly assumed. In contrast, the impact of additional unearned income, as well as the share of pensions, on the amount of labor used on the individual farm is positive and significant indicating imperfect credit market. Thus, availability of liquid assets can relax the capital constraints of the farming households (e.g., de Janvry and Sadoulet, 2001; Rizov et al, 2001 ).
18 17 The effect of land owned is particularly strong in the selection equation but diminishes once the selection decision is taken. A possible explanation is that land rental market in Hungary is relatively complete and the growth of individual farms through leasing in land is feasible (Rizov and Mathijs, 2003) . 18 Swinnen and Gow (1999) provide an overview on credit constraints in transition agriculture and their implications for credit programs and government policies.
Interestingly, households that spend larger share of their total expenditures on food allocate and use more labor in farming. This result supports the hypothesis that the food security considerations are important and that price risk and risk aversion do impact on household factor allocation decisions during transition (Bezemer, 2004) . Next, we analyze determinants of the decision to become a full-time individual farmer compared to the decisions to allocate only a proportion of household labor to individual farming or not to engage in farming at all. We use a discrete-choice dependent variable with three categories and estimate a ML model as described in section 4. The results are reported in table 4. In this analysis we cast additional light on the issue of diversification versus specialization of rural households and the factors affecting the decision.
- Table 4 Specifically, capital constrained farmers by benefiting from commodity production support would be able to specialize in farming related activities and extend their operations. In the same time, a significant proportion of the part-time farming and underemployed rural households by facing more stable consumer prices and higher food security are likely to leave the sector and start up into non-agricultural entrepreneurial activities or wage employment.
Structural funds initiatives could further stimulate this process and contribute to rural community development and the welfare of rural households. (1) Weighted index of 9 items with following weights: truck=1, tractor=1, cultivator=0.5, combine=2, feed combine=2, sowing machine=1, spraying equipment=1, milk processor=1, grape press=0.5.
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(2) Index of 6 buildings items: cattle stables, pig houses, poultry houses, sheep shelters, storage facilities, and fixed greenhouses. Note: The reference choice is full-time wage employment. ** and * indicate that the effect of a variable is significant at the 1or 5 percent level, respectively.
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